I. INTRODUCTION
INTERSPECIFIC wheat crosses have been investigated cytologically at various times throughout the last few years. Interest has fluctuated with the importance of the hybridising work and the success with which disease resistance has been introduced from the tetraploid species, 4X = 28, into the hexaploid wheats, 6x = 42. The present study was stimulated by a new technique fbr examining the chromosomes at the mitoses in the pollen grains. Meiotic studies were also made because of the doubt cast on the validity of some of the earlier reports (Love, 1941) . At the same time, material on hand made it possible to compare the behaviour in near-pentaploid plants and in pentaploid plants.
METHODS AND MATERIALS
All P.M.C's. were examined from squash preparations stained in aceto-carmine.
Root-tips were pre-treated with monobromonaphthalene, fixed in BD and then prepared as Feulgen squashes. Mitoses in pollen grains were examined using the method outlined previously (Morrison, 1953) .
The following F1 material was examined in detail Chinese Spring * xVernal .
. .
Plant B 5X
PlantD 5X-I Plant E 5X+1 * Trisomic (2n = 43)
METAPHASE I
In all pentaploids and near-pentaploids no more than 14 bivalents per nucleus were formed (table I). Pairing varied among the P.M.C's., with from 9 to 14 bivalents per cell within the same anther (figs. 3A and B). This variation contradicts previous reports that the pentaploid regularly forms 1411 7' at meiosis (Kihara, 1938 ; Aase, 1935, and Thompson, 1934, among others) .
If the missing chromosome in plant D has a homologue in the 4,9 set of T. dicoccum, then the maximum pairing expected will be only 13 bivalents (table i) . The seven from T. vulgare plus the unmated dicoccum-chromosome will give 8 univalents. The extra chromosome in the parental trisomic was therefore one of the first i chromosomes (A and B genomes of Kihara). Trivalents are therefore expected in plant E and in the majority of P.M.C's.-i" 1311 71. Chain tnvalents were formed from two chiasmata; the rod-ring type (Mather, 1935 ) from three. At diplotene-diakinesis, in some cells it was difficult to distinguish between bivalents and univalents because of grouping around the nucleolus. However, in all cells with well-spread chromosomes there were i pairs, associated no doubt sometimes only by coiling. Horton (1936) also observed 14 pairs in pre-metaphase stages. The variation in pairing at MI is characteristic of all hybrids and is a result of the variability in chiasma formation following interrupted pachytene pairing. Some of the reduction in chiasmata may also be attributed to environment (Mather, 1935, and Li et al., i94) . Love (1941) distribution was varied as well and only one-sixth of the P.M.C's. at Al had seven laggards. In over 8o per cent. of the cells one or more of the univalents were included intact with the bivalents when they passed to the poles. This random distribution will give dyad nuclei containing from 12 to 19 chromosomes plus a varying number of divided univalents.
At TI the chromosomes that are crowded at the poles cannot be counted but the lagging univalents are clear. The mean of 4'B univalents (table 2) again shows that 7 univalents were not equationally divided at Al. Univalents were split in all cells but in io per cent.
of the cells both halves of one or more univalents were passing to the one pole.
In 4.3 per cent. of the P.M.C's. there was misdivision of the centromeres in one or more lagging univalents.
SECOND DIVISION
Interphase.-Lagging univalents or daughter univalents excluded from the TI nuclei form micronuclei (table 3) . The difference in plant B may be due to chance or it may also be a reflection of the better pairing in this plant than in D. The sizes of the micronuclei vary considerably. Most frequently each one is an excluded daughter univalent.
Anaphase II and telophase 11.-Sufficient cells could not be scored to give a comparison of the number of chromosomes at each pole at All but at Til laggards are clear. The results given in table 2 refer to only half.tetrads. They were scored in this manner because of the lack of synchronisation in the two halves. While the results are again taken from plant C, for a comparison with earlier stages, laggards were observed in all pentaploids and near-pentaploids.
There was i o per cent. misdivision at Til. This is probably an under-estimate because in some cells the centromeres were stretched by movement forces. Such cells were not scored as having misdivision but a break is more probable than inclusion of two separated arms.
In the earliest reports, a random distribution of the 7 chromatids at second division was assumed. Later, Kihara and Matsumura (1940) suggested that the univalents went in groups to the poles. There is no evidence in my material for such a grouping at All or at Til.
Tetradc.-Most of the tetrads, like the dyads, had one or more micronuclei (table 3) . Here I agree with Love (xi). Microcytes were formed in less than one per cent. of the tetrads. It is evident from the large number of micronuclei both in pentaploids and nearpentaploids, that there is considerable chromosome loss. The micronuclei formed in the tetrads persist in the pollen grains until the cytoplasm becomes vacuolated and lines the wall. Then they are absorbed, presumably by the cytoplasm. At first mitosis less than 5 per cent. of the P.G's. had micronuclei ; these were mostly inactive.
At the time of first mitosis, while there was some variation in P.G. size there was no correlation between size and number of chromosomes in the P.G's., e.g. those grains with 14 were similar in size to those with 21. Approximately i per cent. of micro-pollen grains were formed from microcytes. After 1st mitosis the grains become filled with starch and the cytoplasm becomes more dense. Differential growth rates due to unbalanced P.G's. could thus arise after 1St mitosis.
P.G's. with numbers from 14-2 i were present in anthers which varied in age (as tested by the number of bi-nucleate and uni-nucleate grains present, table 4). This might mean that there is no differentiation with respect to entry into the first mitosis. However the number (1) Loss of univalents as micronuclei (table 3) reduces the chance that all 7 univalents will go to one pole. This should cause a reduction in the higher numbers.
(ii) Reduced pairing (table i) gives more than 7 univalents.
This should extend the range in chromosome numbers.
(iii) Random distribution of non-divided univalents at A! (table 2) . This should cause an excess of intermediate numbers.
(iv) Competitive ability of balanced P.G's. This will bring about an equilibrium with the first three factors-more P.G's.' with higher numbers; fewer with a complement of less than 14 or more than 21 and fewer P.G's. with intermediate numbers. An examination at the second division should show whether unbalanced P.G's. with intermediate numbers suffer more in competition as they mature and become filled with starch. Unfortunately the division of the generative cell is difficult to study and the few counts (table 5) were made up from several slides. Therefore while it does mean that many intermediate-numbered P.G's. do form gametes, it does not show the proportions of each type that are undergoing division at any one time.
Mature pollen prior to anthesis showed : (i) size differences, (ii) aborted grains, approximately i o per cent., (iii) some P.G's. in which division had failed, (iv) differences in the amount of starch in the grains. The aborted grains and those with reduced starch were probably due to unbalanced combinations.
My count of the chromosome number in P.G's. agrees closely with those of Thompson and Armstrong (1932) fig. 3E ). The fragments in the P.G's. arise from misdivision of univalents. Five of the nine fragments were telocentrics. In the other four the positions of the centromeres were doubtful. There is a smaller proportion of P.G's.
with fragments than was observed in the monosomic wheats (Morrison, i 953a) . This reduction agrees with the reduced misdivision frequency at telophase. The two hypoploid P.G's. (table 5) could result from either segregation after reduced pairing or from aneuploid cells. Besides the one delayed P.G. with 32 chromosomes there was one other in which a hyperploid number was present but the exact number could not be counted. These two P.G's. could arise either from hyperploid cells that originated prior to MI, or from restitution at All.
FERTILITY AND PROGENY
The seed fertility of the pentaploids when selfed varied from zero in one plant to 37.5 per cent. in another. These figures agree with those generally quoted for pentaploid fertility (Thompson, 1934, and Granhall, 1943) . No differences were shown by the near-pentaploids; nor were there differences between bagged heads and those left uncovered.
The seeds from the pentaploid were germinated on filter paper. The somatic complement was determined when the plants were only a few days old ( fig. 2) . In this manner abnormalities that might be eliminated from the somatic line could be observed. There were In one of the root-tips with 37 chromosomes there was a dicentric chromosome and in one with o there was a chromosome deficient for part of an arm. No inversion bridges or trivalents were observed at meiosis so it is unlikely that the dicentric arose in this manner. Breakage (misdivision of centromeres) occurs at both TI and Til. The dicentric may have arisen from some anomalous breakage and reunion at these stages or in the resting nucleus. The short deficient chromosome could have arisen from similar breakage. Kihara and Matsumura (1940) have advanced several reasons for the skew distribution in the F2 of T. polonicum x T. spelta. Some of these factors : (i) competition in pollen tube growth, (ii) selective fertilisation, (iii) elimination of unbalanced gametes, either through F2 CHROMOSOME NUMBERS zygotic or endospermic media were also suggested by Thompson To explain the difference between the polonicum-spelta and the vulgare-dicoccum pentaploids of Thompson and co-workers ( fig. 2 ) the Japanese workers supposed that more univalents were lost. Counts of chromosome numbers in P.G's. do not uphold this supposition.
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